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a  b  s  t  r  a  c  t
Background:  The  No  Action  Protocol  (NAL)  was  used  to diminish  the  systematic  set-up  error.  Recently,
owing  to the  development  of image  registration  technologies,  the  on-line  positioning  control  is more
often  used.  This  method  significantly  reduces  the CTV–PTV  margin  at the  expense  of  the  lengthening  of  a
treatment  session.  The  efficiency  of NAL  in decreasing  the  total  treatment  time  for  Head&Neck  patients
was  investigated.
Methods:  Results  of set-up  control  of  30  patients  were  analyzed.  The  set-up  control  was  carried  out  on-
line.  For  each  patient  and  each  fraction,  the  set-error  and the  time  needed  for making  the  set-up  control
procedure  were  measured.  Next,  retrospectively,  the NAL  was  applied  to this  data.  The  number  of  initial
errors  (without  interventions)  and  after  NAL  protocol  were  compared  in  terms  of errors  larger  than  3  and
4 mm.  The  average  and  total  time  used  for portal  control  was  calculated  and  compared.
Results: The  number  of setup  errors  in the  posterior-anterior,  inferior-superior,  and  right–left  directions
≥3  mm  and ≥4 mm  were  98,  79, and 91 sessions  and  44, 38  and  30  sessions  out  of  884  sessions.  After
NAL  protocol  the  number  of  errors  ≥3  mm  and  ≥4  mm  decreased  to  84,  57, and  39  sessions  and  31,  15
and  10  sessions,  respectively.  The  average  time  needed  for one  set-up  control  was  5.1  min.  NAL  protocol
allows  saving  4049  min  for the  whole  group.
Conclusions:  For  locations  where  the  random  set-up  errors  are  small,  the  NAL  enables  a very  precise
treatment  of patients.  Implementation  of this  protocol  significantly  decreases  the total  treatment  time.
©  2020  Greater  Poland  Cancer  Centre.  Published  by Elsevier  B.V. All  rights  reserved.. Introduction
Setup control is the key issue for safe and efficient external beam
adiotherapy. Dosimetric errors, if noticed at an early stage of frac-
ionated therapy, may  be corrected. Setup errors, especially larger
han the Clinical Target Volume – Planning Target Volume margin
annot be corrected in most situations. 1,2,3,4 Considerable tech-
ological changes to treatment linear accelerators have resulted in
ajor changes of the setup control procedures. 5–12
Today, all accelerators are equipped with electronic portal
maging devices, which makes portal control much easier. For
ccelerators equipped with an additional kV X-Rays source of radi-
tion, the quality of portal images is very good. This equipment is
lso used for performing cone beam computed tomography, thus
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images collected just before, or even during the treatment session,
becomes possible, also with ultrasound systems. The sophisti-
cated software allows, with minimal intervention from the user,
the matching of the planning and setup images, and this in turn
illustrates the setup error. These solutions have resulted in more
frequent performance of the on-line setup control. In each fraction,
the setup control is performed and, if needed, the position of the
patient is corrected before the start of irradiation. Certainly, this
procedure makes the irradiation more accurate, but is that always
rational and needed? From the geometrical point of view, the high
quality of irradiation requires that systematic errors are minimized
13 For many years, in order to reduce the systematic error, the No
Action Level (NAL), the extended NAL or the Shrinking Action Level
protocols were widely used. 14–16 The implementation of the NAL
protocol allows efficient minimization of the systematic error, at
least for patients for whom small random errors were observed.
According to this protocol, during the first three fractions (it may
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Fig. 1. Digitally Reconstructed Radiographs, AP and lateral, with edges of anatomical
structures used for matching. Edges in green (For interpretation of the references toP. Kukolowicz et al. / Reports of Practical O
e more fractions), the setup errors are measured. These values
ere used to estimate the systematic error. In subsequent fractions,
rior to irradiation, the position of the patient is corrected for the
stimated systematic set-up error, by a couch shift. Due to random
rrors, the systematic error was not fully corrected. The residual
rror of about /
√
N remains, where  is the random error and N
s the number of images taken to estimate the systematic error.
n Head&Neck (HN) patients, due to good immobilization obtained
ith thermoplastic masks, the NAL protocol might be very efficient.
n our center the on-line setup verification protocol has been imple-
ented. In this paper, we analyze the on-line setup control results
or 30 H N patients. The aim of the work is to analyze the efficiency
f the NAL protocol for the HN patients in terms of the number of
et-up errors larger than a given value and in terms of the time
eeded to perform the on-line and NAL protocols. The time of per-
orming the NAL is compared with the total time of on-line setup
ontrol.
. Materials and methods
.1. Treatment preparation
The analysis was carried out for 30 H N patients treated in our
enter. These were patients with nasopharyngeal and larynx can-
er. For each patient a customized 5-point head, neck and shoulders
hermoplastic mask (Orfit Industries, Belgium) was  made. In addi-
ion, a standard, but individually chosen, head support was used.
ll patients underwent a planning CT scan with 2 mm slice thick-
ess. The scanned region was the PTV plus about 5 cm cranially
nd caudally. The central axes (three small crosses) were marked
n the mask. All the images were sent to the contouring station for
arget and critical structures delineation. For each patient, an IMRT
r VMAT plan was prepared. For almost all patients, the integrated
imultaneous boost technique was used. The isotropic margin CTV-
TV of 3–4 mm was always added. The Digitally Reconstructed
adiographs (DRR) are prepared for vertical and lateral position of
he gantry. On each DRR, before start of the treatment, the contours
f stable anatomical structures were drawn. The anatomical struc-
ures used for matching are shown in Fig. 1. During the treatment,
he setup position of the patient was accomplished by aligning the
asers with the points marked on the masks. If needed, the position
f the isocenter was achieved by treatment couch shifts.
Patients were irradiated up to a total dose of 68–72 Gy with
he fraction dose of 2.2–2.6 Gy (26–31 fractions) on Varian Clinac
300CD or TrueBeam accelerators. Patients were first positioned
y aligning the lasers to the respective shell markings. If needed,
ouch shifts were applied. Next, the setup control started. It was
arried out daily. Two perpendicular portals, the anterior posterior
nd lateral one were made and matched to the DRRs. The posi-
ioning error was obtained for three directions: anterior-posterior
AP), cranial-caudal (CC), left-right (LR). Also, the rotational error
as measured. If the setup error was > 5 mm for any direction, the
atient setup was restarted. If the error was ≥ 3 mm but ≤ 5 mm for
ny direction, the position of the patient was corrected by means of
he couch shift. For longitudinal direction, the error was calculated
s the average value of errors obtained from the vertical and lateral
ortals. If the position of a patient was corrected, additional portal
erification of a patient setup was always carried out and the cor-
ectness of the position was verified. The results of the verification
rocedure were described in terms of systematic and random errors
or the three axes separately. The rotational errors were very small,
o we do not present this data. After completing the irradiation,
he matching of images was checked off-line by very experienced
adiation technologists. These results are presented in this work.
he total time of the entire setup control was measured (from thecolour in this figure legend, the reader is referred to the web version of this article).
Setup control
beginning of making portal images to the start of treatment). For
each patient, the data are presented as the mean of these values
over all the treatment sessions.
2.2. NAL protocol simulation
Using the data collected for these 30 patients, we  simulated the
NAL protocol. The systematic error was  estimated from the first
three fractions. It has been assumed that the systematic errors
≥ 2 mm were always corrected. To describe the result of imple-
mentation of the NAL protocol for each direction and each patient
separately, the number of errors larger than 3 and 4 mm were
obtained. The total time saved after the NAL protocol was  calcu-
lated. The average time devoted to making the portal control in the
first three fractions was subtracted from the total time. The results
for the NAL protocol was  compared with the raw data (the initial
setup error). Additionally, values of systematic and random setup
830 P. Kukolowicz et al. / Reports of Practical Oncolo
Table  1
Number of set-up errors for each individual patients after applying the No Action
Level protocol. The percentage of errors ≥ 3 mm and ≥ 4 mm are given in relation
to  all fractions. The total number of fractions was 886. AP – Anterior-Posterior, CC –
Cranial-Caudal, LR –Left-Right.
before NAL
AP CC LR AP CC LR
≥ 3 mm ≥ 3 mm ≥ 3 mm ≥ 4 mm ≥ 4 mm ≥ 4 mm
98  79 91 44 38 30
%  of fractions 11.1% 8.9% 10.3% 5.0% 4.3% 3.4%
after NAL
AP CC LR AP CC LR












































Total (886) 84 57 39 31 15 10
%  of fractions 9.5% 6.4% 4.4% 3.5% 1.7% 1.1%
rrors were calculated. The definitions of systematic and random
rrors proposed Bijhold and de Boer were used. 17,18
. Results
In Table 1, the setup errors before and after applying the NAL
rotocol in terms of the number of errors larger than 3 and 4 mm
or each patient and each direction are presented. The percentages
f errors ≥ 3 and ≥ 4 mm are given in relation to all fraction num-
ers. Results revealed that the worst results were obtained for the
ertical direction. After NAL correction, there is 3.5% of errors larger
han 4 mm.  This is two times larger than for the Cranial-Caudal and
eft-Right directions. Anyway, the 3.5% gives on average the error
arger than 4 mm in less than 1 treatment session during the entire
reatment, i.e. 30 fractions. For two other directions it is less than
%, that is only little more than 1 error per 60 fractions. The aver-
ge time needed to perform the portal control in each fraction was
.1 min.
. Discussion
Today, the setup control can be carried out quite easily. There-
ore, various protocols of setup correction have been often replaced
y the on-line protocol. This method of control is also motivated by
he fact that the on-line protocol is the only one which is able to
inimize both the systematic and random errors. Such an attitude
s certainly valid for patient groups in which quite large random
rrors are expected. However, the decision on which protocol is
he most effective should be analyzed carefully. Piotrowski et al.
nalyzed the set-up accuracy and time consumption of four differ-
nt image-guidance protocols for prostate patients. 19 He showed
hat limited number of setup control might be the effective way to
iminish the systematic component of the set-up error. The aim of
his work is to check if the NAL protocol is effective for HN patients.
his hypothesis was based on the method of immobilization used
or these patients. These patients were immobilized with a thermo-
lastic mask, which ensures a good reproducibility of the position.
ecently, numerous works have been published with the results of
etup errors in the head and neck region. 20–24 The population sys-
ematic and random setup errors were usually smaller than 2.0 mm.
e obtained similar results. The population systematic errors for
P, CC and LR directions were 1.2, 2.0 and 1.2 mm,  respectively. The
opulation random errors for AP, CC and LR directions were 1.4, 1.3
nd 1.4 cm,  respectively. The CTV-PTV margin calculated accord-
ng to Marcel van Herk formulae is 4.0, 6.0, and 4.0 mm for AP, CC
nd LR direction, respectively. After implementation of the modi-
ed NAL protocol (during the first treatment sessions the position
f a patient is corrected if error ≥ 3 mm)  the residual population
ystematic errors for AP, CC and LR directions were 0.8, 0.5 andgy and Radiotherapy 25 (2020) 828–831
0.8 mm,  respectively. The CTV-PTV margin would be 3.0, 2.2, and
3.0 mm.
Is it worth controlling the position of a patient in every frac-
tion? The precision of irradiation with on-line control is better than
for NAL protocol, but only slightly. After NAL correction, position-
ing errors larger than 3 mm were observed in 9.5%, 6.4% and 4.4%
of fractions for the AP, CC and LR directions, respectively. Errors
larger than 4 mm occurred in 3.5% (31 fractions), 1.7% (15 frac-
tions) and 1.1% (10 fractions) of all 884 fractions for the AP, IS and
RL directions, respectively. For 7 patients, the largest error was ≥
7 mm.  For 17 patients the largest error was never larger than 5 mm.
On the other hand, making portals in each treatment session is
quite time consuming. Making one portal control took, on average,
5.1 min. For all 30 patients, the on-line portal control procedure
lasted 2,432 min. If the NAL protocol were to be used, the total time
needed for the control would be just 459 min. The time needed for
the correction to the patient’s initial position with the vector calcu-
lated according to NAL protocol is shorter than 1 min. According to
the modified NAL protocol used in our center, only errors of 2 mm
or larger are corrected. Such corrections were present for 26 out of
30 patients. Still, the time saved after NAL procedure would be huge
– about 4,049 min. Assuming that the time slot for one fraction is
15 min, this saved time would enable to deliver about 270 fractions
more, which is the time needed to irradiate 9 additional patients
(30 fractions for one treatment).
In this work, we  did not analyze the rotations and local distor-
tions of the patients. Very seldom rotations larger than 1 degree
were observed. The distortions which led to larger misalignment
of portal and reference images at some part of the irradiated vol-
ume  were sometimes present. Especially for nasopharynx patients
for whom the length of the PTV was long, larger misalignment
of anatomical structures was  observed close to the cranial-caudal
edges of the portals. According to our protocol, the best match of
portal and reference images should be obtained in the CTV region,
which is usually in the center of the fields. Such policy is followed
due to the fact that recurrences are most often observed in the
region of the highest dose (Gross Tumor Volume) 25. For a few
patients, the time trend of errors was observed. For these patients
the extended No Action Level protocol might give a better result.
15 However, as we showed, the number of errors larger than 4 mm
was very low.
Although the NAL protocol has been shown as very effec-
tive, it should be noted that, especially in the group treated with
chemoradiotherapy, some anatomy changes are observed during
radiotherapy. 26 The anatomy changes are not visible on portal
images. These changes can be visualized with the Cone Beam Com-
puted Tomography. However, the unambiguous conclusions on
when the new set of CT images should be acquired were obtained.
Therefore, several authors propose that CBCT should be performed
once a week. It allows to implement the extended No Action Level
Protocol or just to check the effectiveness of the NAL. Additionally,
in case of large changes of anatomy the new plan may be prepared.
5. Conclusions
For the head and neck patients the NAL protocol was very effec-
tive in set-up control. Application of this protocol allows to decrease
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